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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE—2D & CHESTNUT STREETS
PHILADELPHIA, PENNSYLVANIA 19106

IN REPLY REFER TO

NAPEN-D 06 JUN 1978

Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, NJ 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Pompton Lakes Dam in
Passaic County, New Jersey which has been prepared under authorization
of the Dam Inspection Act, Public Law 92-367.

A brief assessment of the dam's condition is given on pages 1, 2, and 2a
of the report. This assessment indicates that definite conclusions as to
safety of the dam cannot be reached until a more detailed investigation
is made. A complete visual inspection of the concrete structure was not
made due to inability to stop the flow of water over the spillway and

the lack of existing engineering data relative to the dam's design, con-
struction and operation. Lack of existing data also prevented determina-
tion of the structure's stability and operational adequacy. In order to
provide a more complete analysis, it is recommended that within one year
from the approval date of this report, the owner obtain an engineering
investigation to include the following as a minimun:

a. Detailed inspectién of the concrete structure with the pool
lowered. Drilling and sampling of the concrete dam if considered neces-
sary as a result of this inspection.

b. Drilling and sampling at the abutments and rock ledge in the
stream to provide for a more complete stability analysis.

c. More detailed structural and hydraulic analysis of the dam,
including the safety of the abutment areas during high water stages which
result in overtopping these areas.

d. Determine the extent of the reported deep scour hole 150 feet
downstream of the dam, and its possible effects on the structure. Also
periodic surveys and monitoring of this scour hole to insure that it
poses no threat in the future.
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NAFPEN-D
Honorable Brendan T. Byrne

e. Provisions for protecting the Route 202 highway embankment located
at the east end of the dam. Further erosion of this embankment, especially
during periods of high flows, could endanger the roadway and the public
using it.

f. Improving the drawdown facilities so the pool can be lowered during
emergencies, or for inspection or remedial work.

Two copies of the report are being furnished to Mr. Dirk C. Hofman,

New Jersey Department of Environmental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman Robert A. Roe of the
Eighth District. Under -the provisions of the Freedom of Information Act,
the inspection report will be subject to release by this office, upon
request, thirty days after the date of this letter.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as & result of the inspection. We accord-
ingly request that we be advised of proposed actions taken by the State
to implement our recommendations.

Sincerely yours,

ol T

1 Incl HARRY V. DUTCHYSHYN
As stated Colonel, Corps of Engineers
District Engineer

Cy Furn: w/incl (dupe)
Mr. Dirk C. Hofman
N.J. Dept. of Environmental Protection

= sk e ~




PASSAIC RIVER BASIN

Name of Dam: Pompton Lakes Dam
County and State: Passaic County, State of New Jersey
Inventory Number: NJ00249

PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Prepared by: O'Brien and Gere Engineers, Inc.
Justin and Courtney Division

For: United States Army Engineer District, Philadelphia
United States Custom House
2nd and Chestnut Street
Philadelphia, Pennsylvania 19106

~

Date February 9, 1978

\

SUNRBATION/ATAILASILITY g

() AU, mi/a

Al

L ———

EVEL

R it oo

-

S O




TABLE OF CONTENTS

Assessment of General Conditions

Overall
Section
Section
Section
Section
Section
Section
Section

Vie
1 -

Nonbh Wi
11

w of Dam

Project Information
Engineering Data

Visual Inspection
Operational Procedures
Hydraulic/Hydrologic
Structural Stability
Assessment/Remedial Measures

Field Inspection Report

FIGURES

Figure 1 - Plan, Section, and Elevation of Dam
Figure 2 - Plan of Forebay and Intake Structures
Figure 3 - Section of Forebay and Intake Structures
Figure 4 - Drainage Basin Map
Figure 5 - Geologic Map
Figure 6 - Regional Vicinity Map

' APPENDIX
Photographs

Previous Inspection Reports

Silt Elevation Data

Development of Negative Pressures
Dam Stability Analyses

Recommended Guidelines for Safety Inspection of Dams,

Chapter

4.

Al-A3
A4-All
Al2

Al3
Al4-A24

A25-A36




’ﬂ.‘

PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Pompton Lakes Dam

State Located New Jersey

County Located Passaic County
Stream Ramapo River

Date of Inspection January 6, 1978

ASSESSMENT OF
GENERAL CONDITIONS

The Pompton Lakes dam is a concrete overflow spillway for its
entire length. A complete examination of the structure could
not be made at the time of the inspection since four to six
inches of water was flowing over the spillway.

The geometric shape of the spillway does not conform to
present standards to insure proper hydraulic performance and
structural stability. The shape of the spillway crest is
narrow and the downstream slope is very steep. The resulting
geometry is such that negative pressures could occur on the
downstream face of the spillway when the reservoir water
surface elevation is more than 1.3 ft. above the spillway
crest. A stability analysis of the spillway reveals tension
in the upstream face of the structure under normal loading
(full reservoir). However, in plan view, the dam is curved
in a modified arch shape between abutments and is supported
at midstream by a massive basalt rock outcrop; both of these
conditions improve the stability of the spillway. Factors of
safety against overturning and sliding, including shear, are
as follows (not including the effect of dam curvature or
negative pressures on the downstream face):
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Condition Factors of Safety
Overturning Sliding

Normal Pool

(Reservoir at spillway crest) 1.14 5.23

Normal Pool & .05 g earthquake load 1.06 4.66

Normal Pool & 5 KSF ice load 0.93 4.57

Probable Maximum Flood (PMF) 0.78 5.38

The present drawdown facilities are inadequate to provide a
reliable means of lowering the reservoir level.
Consideration should be given to improving drawdown
facilities.

During the inspection, sloughing of the Route 202 highway
embankment was observed at the east end of the spillway.
Consideration should be given to the construction of a wall
at this location to protect the highway and the spillway. It
was also reported that an 18 foot deep scour hole exists in
the stream channel downstream of the dam. This scour hole
could not be examined during the field inspection due to the
flow in the river. The location of this scour hole should be
determined by a field survey and monitored periodically to
determine if it affects the dam foundation.

A Phase 1 Investigation, in this case, cannot support
conclusive findings due to:

1 Lack of complete data.

2. High water at the time of the inspection.

. 8 Evidence that observed defects and deficiencies may
go deeper than a visual inspection reveals.

4. The need for more detailed structural and hydraulic
analyses to determine the integrity of the dam
during high flows.
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In view of these factors, further investigations as outlined
in the National Program of Inspection of Dams, Volume I,
Appendix D, Chapter 4, paragraph 4.4, are recommended.

Definite conclusions regarding the safety of the Pompton
Lakes Dam cannot be reached until a more detailed
investigation is made.

5

A complete visual 1nspect10n of the concrete structure cogla not be made due to
inability to stop flow of water over the spillway and the lack of exist;ng engi- 4
neering data relative to the dam's design, construction and 0perat;on.' Lack of
existing data also prevented determination of the dam's stability and operational
adequacy. In order to provide a more complete analysis, it is recommended that,
within one year from the approval date of this report, the owner obtain an engi-
neering investigation of the structure to include the following as a minimum:

a. Detailed inspection of the concrete structure with the pool lowered.
Drilling and sampling of the concrete dam if consideréd necessary as a result of
this inspection.

b. Drilling and sampling at the abutments and rock ledge in the stream to
provide for a more complete stability analysis.

c. More detailed structural and hydraulic analysis of the dam including the
safety of the abutment areas during high water stages which result in overtopping
these areas.

d. Determine the extent of the reported deep scour hole 150 feet downstream
of the dam and its possible effects on the structure. Also periodic surveys and
monitoring of this scour hole to insure it poses no threat in the future.

e. Provisions for protecting the Route 202 highway embankment located at
the east end of the dam. Further erosion of this embankment, especially during
periods of high flows, could endanger the roadway and the public using it.

f. Improving the drawdown facilties so the dam's pool can be lowered during
an emergency or for inspection or remedial work.

HARRY V. DUPCHYSHYN /
Colonel, Cgrps of Engineers
1

DATE:Dist;ict(/Sg'neer / ?78

APPROVED:
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
NAME OF DAM POMPTON LAKE DAM ID # 00249

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. This report is authorized by the Dam
Inspection Act, Public Law 92-367, and has been prepared in
accordance with contract # DACW61-78-C-0052 between O'Brien
and Gere Engineers, Justin and Courtney Division, and the
United States Army Corps of Engineers, Philadelphia District.

b. Purpose of Inspection. The purpose of this
inspection 1is to evaluate the structural and hydraulic
condition of the Pompton Lakes Dam and appurtenant
structures, and to determine if the dam consistutes a hazard
to human life or property.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances. The dam at
Pompton Lakes 1s principally a concrete gravity spillway
structure. The spillway section is approximately 290 feet
long, with a maximum height of 30 feet and is shaped by
compound circular curves to create an ogee section. On the
east end, the spillway is tied into the rock outcrop, and is
now covered by the embankment of U.S. Route 202. The west end
of the spillway is tied into a wing wall of a pump station
intake.

The intake to the pump station consists of a concrete
headwall with two 72" gated openings leading to a forebay, a
screen chamber, and a 78" pump suction line. The pump
station is located 200 feet downstream of the wing wall. A
30" diameter gated opening is located in the forebay, 9 feet
below the crest of the dam. This opening is the only means of
drawing down the reservoir without going through the pump
station. Refer to Figure 1 through 3.

b. Location. Pompton Lakes Dam is located on the
Ramapo River about 1.5 miles upstream of its confluence with
the Pompton River. The drainage area of 160 square miles is
about 35 miles long and an average of 4.5 miles wide, and is
located in the States of New York and New Jersey (see Figure
4).

e. Size Classification. The maximum height of the dam
is 30 feet. The reservoir volume to the spillway crest is
about 2000 acre feet. Therefore, the dam is in the
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intermediate size category as defined by the
Recommended Guidelines for Safety Inspection of Dams.

d. Hazard Classification. Due to population
concentrations downstream, several thousand people's lives
would be endangered in the event of failure of the dam.
Therefore, the dam is in the high hazard category as defined
by the Recommended Guidelines for Safety Inspection of Dams.

e. Ownership. The dam is owned by the North Jersey
District Water Supply Commission of the State of New Jersey,
Wanaque, New Jersey.

£. Purpose of Dam. The dam is used to store water for
pumping into the Wanaque Reservoir, located 4 miles north of
the dam and 100 feet higher. A secondary purpose of the
reservoir is recreation.

g. Design and Construction History. The present
structure was built 1n 1908 to replace a wooden crib
structure which was washed out by a flood in October of 1903.
Approximately 50 tons of steel rods are said to have been
used to reinforce the spillway. The wing wall and intake to
the pump station were rebuilt in the 1950's. New sluice
gates and trash racks were installed at that time.

h. Normal Operational Procedures. Under normal
conditions, the water surface elevation of the reservoir is
at or above the spillway crest. A minimum discharge of 40
million gallons per day (mgd) is required by the State of New
Jersey to be maintained in the downstream channel, when
inflow to the reservoir equals or exceeds this amount.

The outlet facilities consist of a 30" pipe in the
forebay and a 78" pipe leading to the pump station. The
capacity of the 30" pipe, with the reservoir water surface at
the spillway crest, is about 60 cubic feet per second (cfs).
The capacity of the pump station is 1%0 cfs (100 mgd). The
fifty-six year mean river discharge is 300 cfs. Therefore,
the reservoir can be drawn down only during extended periods
of low flow with the existing outlet facilities.

1.3 PERTINENT DATA

a. - Drainage Area. The drainage area of the Pompton
Lakes Reservolr 1is 160 square miles.

b. Discharge at Damsite. The maximum known flow at
the damsite was 12,300 cfs. The spillway capacity is about
13,000 cfs with the reservoir water surface at the elevation
of U.S. Route 202 at the dam.
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Elevation (ft. above MSL).

Top of dam - 202.1

Maximum pool - design discharge - 212.0 (PMF)
Recreation pool - 202.1

Streambed at centerline of dam - 170.6
Maximum tailwater -~ 196.0 (PMF)

Reservoir (miles).
Length of Maximum Pool - 4.36
Length of Recreation Pool - 1.61

Storage (acre-feet)
Recreation pool - 2000
Design surcharge - 3650 (PMF)
Top of dam - 2000

Reservoir Surface (acres)
Top of dam - 210

Maximum pool - 400 (PMF)
Recreation pool - 210
Spillway crest - 210

Dam

Type - concrete gravity overflow

Length - 290 feet

Height - 30 feet (maximum)

Grout curtain ~ no information available

Diversion and Requlating Tunnel
None exists.

Spillway

Type - ogee

Length of weir - 290 feet
Crest elevation - 202.1 (MSL)
Gates - none

Requlating Outlets
30" pipe
78" pipe to pump station
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

The available data relative to the dam and the
appurtenant works consist of the following:

a. One drawing entitled PLANS FOR A MASONRY DAM AT
POMPTON LAKES, N.J. dated March 18, 1918 (Figure 1 in
appendix).

b. Plans & Sections of the Intake & Pump Station by
NJWSD. ;

Ramapo Force Main Pumping Station Drawings:

1) Plot, Plan, Penstock & Screen Chambers, Sheet
number P-1.

2) Pumps & Piping, Sheet number P-2.

3) Equipment Details, Sheet number P-3.

4) Engineering Structures - Penstock, Etc.,
Sheet number P-5.

5) Engineering Structures - Screen Chambers &
After Bay, Sheet number P-6.

2.2 CONSTRUCTION

The available information on construction consisted of
contract specifications and the letter dated March 20, 1918
by William L. Whitmore, Design Engineer (A copy of the letter
is in the appendix).

2.3 OPERATION

The capacity of the pump station is small in comparison
to normal river discharges and has little effect on reservoir
flood levels. Operational procedures have little effect on
the safety of the dam. (See Section 1.2h). Reservoir silt
elevations were obtained from a survey by Phillips, O'Brien &
Gere, 1977.

2.4 EVALUATION

Complete data regarding design and construction of the
dam is not available. Additional information which would
permit a more comprehensive Phase I Evaluation would include
construction records, boring logs, and detailed construction
drawings.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. The visual inspection of the Pompton
Lakes Dam was made on January 6, 1978. At the time of the
visit, about four to six inches of water was flowing over the
full length of the spillway.

b. Dam. Some minor cracking and spalling of the
concrete was noted. An additional inspection is recommended
when overflow is not occurring.

c. Appurtenant Structures. Undermining of  the
embankment of U.S. Route 202 was noted at the east abutment.
No defects or problems were noted in the outlet structure or
the west side wing wall.

d. Reservoir Area. Considerable silting of the
reservoir has occurred.

e. Downstream Channel. A deep scour hole is present.
about 150 feet downstream of the dam.

3.2 EVALUATION

No obvious deficiencies were observed during the Phase I
Visual Inspection. However, in the interest of public
safety, additional information should be obtained regarding
the U.S. Route 202 embankment, the scour hole downstream of
the dam and the conditions of the concrete in the spillway.
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SECTION 4 - OPERATIONAL PROCEDURES-

Operational procedures have been covered in Section 1.2.h.
The North Jersey District Water Supply Commission informs
Police, Civil Defense and residents when floods are imminent.

N - o < TR o
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. The following hydrologic conditions
were determined:

1) The 500 year discharge - 30,000 cfs. This
discharge was determined by the methods descrlbed in New
Jersey Special Report #38, "Magnitude and Frequency of Floods
in New Jersey with Effects of Urbanization", dated 1974, and
the information from the United States Geolog1ca1 Survey
gaglng station at Mahwah, N.J. .

- 2) . The Probable Max:Lmum Flood - 42,000 cfs. The
Probable Maximum Flood (PMF) dlscharge was obtalned from the
United States Army Corps of Engineers, Philadelphia District.

b. Experience Data. A water stage recorder has been
in service at Pompton Lakes since October of 1921. The
maximum discharge of record was 12,300 cfs in March of 1936.
On November 8th and 9th of 1977, an estimated dlscharge of
11,000 cfs was recorded. Under present condltlons, a
dlscharge of 13,000 cfs over the spillway would result in the
floodlng of U.S. Route 202 on the east end of the spillway.
Notes included in past records indicate that the peak
estimated flow during the period of record prior to
construction of the present dam was 10,500 cfs in September
of 1882.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. No structural inadequacies
were noted during the visual inspection of the dam. However,
a complete inspection was not possible due to the overflow
conditions.

b. Design and Construction Data. The spillway shape
is defined by a series of circular curves joined at tangent
points. The curvature of the face from the crest to the point
of inflection (approximately four feet ‘below the crest)
matches closely the Vicksburg, Mississippi Waterways
Experiment Station crest shape for a design head of 1.32 feet
(from EM 1110-2-1603). Therefore, for heads in excess of
this value, the lower nappe of the overflow can be expeected
to separate from the spillway face, producing negative
pressures on the downstream face of the dam. Since the heads
of water for the 500 year flood (8.6 feet) and for the PMF
(9.9 feet) are far greater than the design head, severe
negative pressures and cavitation could result at these
discharges. Analysis of the effect of these negative
pressures is beyond the scope of this report and are not
included in the calculations.

e Operating Records. Operating Records are
available only for the pumping facility. These records were

not reviewed since they would not affect the safety of the
dam.

d. Post Construction Changes. No alteration of the
spillway is known to have been made since construction. Wing

wall modifications were made on the west side wing wall in
1951.

e. Seismic Stability. The dam is 1located in the
Triassic Highlands of northern New Jersey and is founded on a
fine-grained basalt of the Triassic Newark Group as described
on the Geologic Map of New Jersey, 1950 (see Figure 5 in the
appendix). The formation appears to be weathered, slightly
fractured and stained in outcrop becoming fresh and massive
at very shallow depths. Rock outcrop is evident in both
abutments and immediately downstream of the dam at mid-
stream.

Based on the original design drawings, subsequent
inspection reports and the current field inspection, this
rock appears stable and appears to have resisted hydraulic,
mechanical and chemical action.

10
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Although the dam is in proximity to the Ramapo Fault,
which trends northeast-southwest, there does not appear to be
any major stress-related 301nts or fractures at the site.
However, recent seismic activity has been recorded along the
Ramapo Fault and consideration is glven to its possible
effect on the stability of the structures in this area.

It is noted that on the Seismic Zone Map of the
Contiguous United States, the dam is located in Zone 1, but
due to the dam's proximity to the fault and its renewed
activity, the 2Zone 2 seismic coefficient was used in the
stability analysis.

£ Evaluation. A stability analysis was performed to
investigate the structural stablllty of the splllway. The
results of this analy51s are included in the appendix. When
analyzed as a gravity structure,” under normal (full
reserv01r) condltlons, the splllway is unstable. However, in
plan view, the dam is curved in a modified arch shape between
abutments and is supported at mld-stream by a massive basalt
rock outcrop; both of these conditions improve the stability
of the structure. Analysis of the effect of these factors is
not within the scope of this report.

During the PMF, the abutments on both sides of the
spillway are overtopped. The effect of this overtopping on
the safety of the dam cannot be evaluated without borings to
determine the elevation of the top of the rock and the
condition of the rock.

11
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The spillway is structurally inadequate to
resist the forces produced by normal loading conditions (full
reservoir), without inducing tension at the upstream face of
the dam. The analysis assumed the dam to be a simple gravity
structure. However, curvature of the spillway (in plan), and
support from a massive basalt outcrop improve the spillway's
stability considerably.

A deep scour hole is reported to exist in the channel
about 150 feet downstream of the dam. This area should be
surveyed and monitored annually to determine any erosion
activity towards the dam.

b. Adequacy of Information. Adequate information is
not available for a detailed analysis of the spillway.
Additional information which would be required for a more
comprehensive evaluation would include construction records, .
boring logs, and detailed construction drawings. Information
is also lacking for determination of the negative pressures
on the downstream face of the dam, for heads in excess of 1.8
feet (1.33 times the design head of 1.3 feet).

Survey data would be wuseful for determining the
elevations on the drainage divide along the west side of the
_reservoir, approximately one mile north of the dam. The 1
minimum elevation of the divide is between 200 feet and 220
feet above Mean Sea Level (MSL). Since the computed -
reservoir stage for the PMF is 212.0 feet MSL, a portion of
the discharge could be diverted across this drainage divide
and reduce the PMF discharge over the dam.

c. vUrgency. Further evaluation of the dam is
recommended as soon as possible.

d. Additional Investigations. Additional
investigations of this dam should be made to evaluate the 4
negative pressures which may be produced on the dam at high ‘
discharges, to estimate the effect of the dam curvature (in
plan) on the stability of the structure, and to determine if
strengthening of the dam is required. A range of discharges
should be studied to obtain the maximum effect of headwater-
tailwater differential in the stability analyses. Drilling
and sampling of the concrete dam, abutments and rock outcrop
should be included.

12
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7.2 REMEDIAL MEASURES

a. Alternatives. Remedial measures that could be con-
sidered for improving the stability of the dam include the
installation of post-tensioned rods or cables through the dam
and into the rock foundation or the addition of concrete to
the downstream face of the dam. Aeration of the lower nappe
of the water flowing over the spillway is a means to prevent
the formation of negative pressures on the downstream face of
the spillway. High strength epoxy applied to the downstream
face might protect the concrete from the effects of possible
cavitation produced by negative pressures.

Sloughing of the embankment of U.S. Route 202 could be
prevented by construction of a retalnlng wall. The wall
could be byilt outside of the.:limits of the. splllway at the
east end of the dam to protect the hIghway and to 1mprove flow

.condltlons over the dam.

b. O&M Malntenance & Procedures. The present
drawdown facilities are 1nadequate to provide a reliable
means of lowering the reservoir level. Consideration should
be given to improving drawdown facilities. Alternate means
for the improvement of these facilities are:

1) Installation of a larger bypass line to the
river from the pump station.

2) Installation of a large, gated opening in the
spillway.

13
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VIEW LOOKING TOWARD RIGHT BANK

VIEW LOOKING UPSTREAM SHOWING ROCK OUTCROP
AT CENTER AND EROSION OF HIGHWAY EMBANKMENT

Al




VIEW OF RIGHT BANK DOWNSTREAM OF THE DAM
SHOWING PUMPING STATION IN FOREGROUND AND

SCREEN CHAMBER IN BACKGROUND

A2




CLOSEUP OF EMBANKMENT
EROSION ON LEFT (EAST) BANK

RIGHT BANK SHOWING INTAKE AND SCREEN CHAMBER
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Trenton, N. J., Mar. 15, 1918.
el o i RMED .
MAZ 15 1818

Depz-tment of
P M E
Cerservation & Davelopmam
Trenton, N. J. efvatid vel0)

Department of Conservation and Development,

Gentlemen:

: As representing Edward Corning, Esq., of Watervliet,
the owvner of & certain lake and water-power at Pompton lakes,
Passaic County, N. J., I respectfully request that your Depart-
ment inspect the existing concrete dam at said point with the
idea of reporting to the Mayor and Council of the Borough of
Pompton Lskes as to its strength.

The reason for this request is as follows: The Bor-
ough of Pompton Lakes is acquiring this water-power on a 21-
years' lease with the privilege of purchasing. The cost, to-
gether with the necessary improvements to be mede before the
water-power can be used, will be from $150,000 to 3200,000.
Before the Borough tekes this property over, they wish to know
that this dam is safe &nd within your requirements.

This dam was built about ten years ago by the PF. RE.
Long Co., of Hackensack, and the engineer in charge was Williem
L. Whittemore. The dam is of concrete construction, and is
heavily reinforced, and while everybody believes it to be of
superior construction, they want some official statement regard-
ing its strength. It is likewise mede one of the conditions
of the proposed agreement between the Borough and lir. Corning
that no changes are to be made in this dam until after they ere
approved as to strength, etc., by your Department. If you

could give this matter your early ettention, it would greatly
oblige.

Very\truly yours,

e fesbenangs y

Member of Assembly for Passaic countﬁ

A4
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P wMm, L. WRIIMVKRE
- CIVIL ENGINEER AND SURVEYCR

ROOMS 21 & 22
PATERSON SAVINGS INSTITUTION . ; ) el
- e : PATERSON, N. ). March 20, m 8
TS
Department of Conservation & Development, S N

State House,
: Trenton, N. J.

Attention of lr. H. P. Critchlow, C. 3.
Dear Sir:

Referring to the Pompton dem loceted in the
Borough of Pompton Lakes, Passaic County, H. J.--

: The old wooden den vies weshed out by the flood of 1903. ’
The present dam was built during the fall of 1908. The
location of the dam was slightly changed from the vlen to
secure 2 better footing. It vas built exactly eccording to 3
the plans eand specifications submitted to you as to measure-
ments end mixture of cement, sand end stone. About fifty
. tons of steel rods viere distributed throush the concrete
which wes not included in the specifications. The dan is
built on a solid rock botton from end to end, end keys into
rock at each end. It was constructed in forty six deys from
the day it was started. J

The work was done unéer the suvervision of lir. Iudium
and nyself anc¢ the Superintendient was en experienced man i
in concrete work. I think I can safely say there is no
better structure in concrete work in the State of Mew Jsrsey.
The contractor wes the ¥. B, Long Co. who sublet the con-
tract to Schweirs & Sutton of 90 “est Street, New York.

Yours very truly,

WL /JS Yoo ,ZZ& ,ﬁ -t

A5
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Hoerort on lansapectioa of Fompton Lukes Dem on
Samapo River at zonrtom Lexes, I. J.

Zrecton, N.J. HKar. 28,1918%

In response to & request f£from Zororsdle 3.G. Jdershfield,
memtor of Assembly for Pessaic Couaty, under a¢to of ierch 15,
1918, for an inspection of the fom rton Laokes Zam on the narano e,
Piver at Tompton Lakes, H. J. for the purross of roporti:g to the. )
Hayor end Coumncil of the torough of Pompton Iekes es to the AR
condition and safety: : _ s i

The dorough of Fomptoa Lakos propose acqn1r1n5 the
water power rights to this dam, now owned by Ldward Coraing,
Zaq. of ratervl*et .Y., on & 21 vger leese with the privileoe
of purchasing, end "wishes to znow whether tre structure is safe arnd
within the requl*'mea»s oX this departzent. in iaspcetion of the
structnra'vas nede oa ¥arch 18, 1978 by the writer, sccomcsnied b3
¥7. Hershfield nnd Ysyor Stephen Z.8. Jscoba of Iomn»oq Leves. On
tbe seme duy a couference was heold with t%e 4n~1“ee* in charge of
the construction work, %m. L. Thiimore of Ietersen, T.J., w20 2iso
furrished & set oF plans and afec=’~catiors follow 2d in the tuililng
of the dam. 1ir. thitmore has slso Filod 2 writien statemsnt wader
date of ilarch 20, 1918 givinr certain information razerding ths
cocstruction work.

Historr.- 7Zhe presant masonry dam was tuilt Anrinz $he

1311 of 1908 (previous to ta° -pas-ego of ict 1912 regulating the i
construction of dams ip trie Ztata) by the Ludlum Steel & Iros Lo. -
10 replace the wooden strncuurv that was washed out by the flood -
of October, 1903. The cortrezctor was P.3. Loazg ‘omuany of Ha:kensec:
4.9., who sublot the contract to Schwelirs & outton of 10.20 uest

Streset, Xew York Lity: thre annrintanden‘ of Congtrruction was Geo.
“e Cisco of Hawthorre, F.J.

Descrirtion of Pam.~ The main dam is of concrete coan-
struction reinforced with atout 50 tora cf ste2l rods, rot ia=~
ciudaed in the specifications bnt :ade use of or sce unt of their !
beiag readily ohtained fyom the 014 ste:l norks doarb* a0 . ¢*
Soundation 13 solia trap rock throu~hout sad the s*rucunra is o
%eyed ipto this founrdation from and to end. in~ plen of tke dam-

8 on n straigh? 1lne crest for errroxirmstely the middle third, where |
& rock ledge rlses uz dividiegs the gorge into t™o channels; wnile
across these sanels the dam hes & curved crest to either tepk. The
totel lonzth of the erest is about 300 ft. snd the caximunm height
above bed rock 1s acout 3C fi. ia the south chonnel mexins the
normal lake level 2bout 22 fi. 2bove the stream 1mn°diat91“ below
tro dsn. The cross sectior of the dom ig of the "Ozee" t*po raving
& width of £7 iucres one foot 2107 {he crest £ad & maxircun widt: of
22,28 ft. st tre base. At the south ond the concrete ia weyed into

A6
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tre rock all the way ur to the crest, while on the north ecd the
crest ig tied irnto sr o0ld nasonry wing wall vkich extepds ecross
the kead of the racevey icto the rock slore.

3
l’.‘-:'f“\*'

Ving Wall.- This wing wall,wvhich is rart of »he originalk
structvre,contzirs the gates used to resulate the flow of water ::i..
tnto txe rqcequ lesdinzg down to the o0ld steel mill now in ruinSa-~’
rTa2se zales sre of tiober ccastruction, lesk badly, are in very:~ s
roor conditlon and =2uld he herd to operate. The wing wa2ll has & "
‘Ottl lensth of eadent 90 ft, to the rorth beak, a uaiform widthi'of:

£ ?t. =nd 2a averase heizht of atout 10 ft. above the rock ’oundati

=itk tho top clev:.tion atout 4 ft. stove tho crost of the main: &an.
At the locstion of ithe 3ates a chaanael sbout S ft. deep apd 9ifte ™
vide h23 teen cut irto the rocke 2his is the oaly outlet from the
leke and rermits of lowerimg the water about 9 ft. below normal leve
ia tha dr* season. At ths corner where the m2in dam abuts or. the ol
mesorrs thera 15 8 gop stout 3 ft. long and 1-1/2 ft. hirh ceused

b the romovel of two or thrae large blocks of stoans by the ice
~olngs out this past spring.

Aaceway.~ 1ha racewey chacael is carried alonz the corth
bagik of the rivor,bdsing auprorted on tne side toward the stream by
& reta’aiag wall end entenkmont sdboutl ZLC ft. lonz exteading from th

gorpcr vhera the dam pro;er jolas the wing walludown to the old

syring shop which fronts on the highway. This retaining well has a
heizht of gbout £1 It. sbove the water level dslow the dam, e top
310*gtian about 3 It. Lelow tre top of the wiag wall &nd 3 ft. abdov:
tre normal weter level i the racewsy. The control gates sre locsat
ncar the Up—Sureﬁm cnd of tre wall and permit the unawaterircg of the
racevay. These ates ere of timber construction, leak coasiderably,
ere in very pcor :oaditior and would be difficult to orerate. A
sectior of the olu reteinisg enbapkment about 135 ft.long was washed -~
vut during the f£lo23 of 1903 scd wes replsced about two yesrs later
or & coacrete wall Z1 ft. high avove the iootinz of large bouliers
at the =aler Level below the dar, The top width is 2.8 ft. w~ith
the cutside face vrriical while the inside steps dowe uviatil eot-a pol.
¢ ft.h2low the top it is 5 ft. wide and is reported to bc thet width:
to the bottom, 1Ihe normal weler lavel in the raceway is avout 3 ft.
belox the top o2 the wall, while the bottom of the channel is abou*
¢ to 10 7t. b2low the tor,mskxias tho water sbout 6 to 7 ft.d2e0pe T ¢
coneraia xrortina of ire reunnnlng ¥all rernits the weter 1n the
rneensy to leaw tarou: £hd issue Tromw thes outside face in & smaell
stragms or jets. "y vatar which zey porcolate down behiad the. wal
cuat corteicly fiad frae ootlet oenoath the footinz into tho stream

.
'.}-.‘ “ s

al, otharwise tne yressurs {rom the vater emainst tho estiro- inside
face of tre w81l would have csused it to.~o out loanz ego.

ey
‘100;-:- ir. oréer to srrive at the maxinum weter prnssnref
ancinzt Ui Amn =0l tlha wisg wall e study of the ’looa fiows on. the
JARLKRIO e deex n.de with the Zollowinx T'rdings:
;
The drsaiasase area of the lamepo at txo confluesce vith the
“omplon -.Avar is 180.7 squ~re miles, while at twe Fompton Iakes dam

A7
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l.5 miies gbove the mouth, the drcipaze erea i3 i53.5 squere w AT
siles. In vVelume III of the Jow Jeroey leolozicul Zurvey (1894),
paze 1ed, 1t is stato. tist during the flooi of eptemuer , 1352,
tre lLemn:po hed ¢ zexirum discherge of 16,54C ~udbic feet per socoud,
»anich is ecuivalant t0 2 wster leval in 1ho 1laka of sbout 4.5 fte o
atove ithe elevation ol the crest 2f thre

a

tha 4=, Ig the U.'.Geoloblcal
-uarvey water JSurrly ._euar 85, u2ga ?5, it is sinted thet during the
fioai ¢f Februnry - ..arcn, 1902 "oa the ﬁamuyo ~iver ot rompiom ..
Turasco the hiﬁh=st FALOr w53 Observed at o r.ti. 04 Larch 1, wnsn’@
it reached 4.1 i{%t. 290vs ize Gna crest”. Ip Lhe encusl re;ar+ of
the lew Cersey 5eo0lozical _urvey for 1563, rapes 27 snd 28, it is
atetzd tret aurice the flood of vetober 1903 "the famaro et about
5.3C .. 92 Qet. 5, whea the “onpion Stesl “orks dam broke, had
chad a aischinrga of Y128 cubic fest per second. ~==~ Tpdouttedly

(D

The mazimum Alsclairsge waa mreh in excess of thise® This sswe roport
in t=ble V on paze R7 si= tes that the maxizum ¢ischiarge of thae
-iszapo durinx tho fiocd 7 13%o was 3,731 cuble feet per s=cord.

<zus 1t ‘g geen Ihut dvrtxg a yoriod 0? 1~ss thaa 25 yoars trare
=arne 4 Ploods %h&t caused = lake level of over 4 f£t. ahove t:e

crest of the dan and & yos:ibllit” that curin: the fiood of 19G3 the
lev2l world have becp 5 It. 2hove the crest if tha daa had not
hra%s, (The crest of tho olad ﬂﬂu Va3 0f the s:mo clevntion &8 the
exinti & strueture) IhersTore, in saslyzing ths  Strentts of the dan
el wing wall & {loca leveol & ft. ebove trc cra2st of the denz has

hesen considerad.

= Concluginrs.~ % earainl szalvais of the cross-seciion of
Lha ~ais o anm o unor mexilum Cl00. CoONditiors ShOSs 1t LD he Ol on.e
a-ion, ©1l%ncush ir. 1166 CF result*nt TrOSNur L8 g3es withont

tha Yirnas of tg; mii;_e third" unvnr the rei.

A -
rarture 1rom SY'LuL“Q des gn <0r 8 rravxt;—trpe s2ctlion. ‘owaver,
ia ordor to 1arm;t t".2 arch uwciion 10 be 2fl2ctive for the ortirs
nejzht of i*e &sam, uke damsge 10 the corner of t-o6 o0ld mesonry well
w*are the nirtx ond 37 the dem joins it shonld he rejnired zo thet
e #01id sbuiment »ill be obtsined., An =pn.irsis of the scctioz of
e otpz veldl evtenliar from tve ené of ‘%2> aam [rorer to tre north
hant «<mows 3 at il .6 uasafe vander tho Fossible coziitlons of the
~uter lovel fn 1i. Iake teins up to the tor of the wsll (4.2 %,
stove erant iam) ~nd racewny dreined due Yo uanntarizg throuzh

;L.gn-~~u a.s -~ t

geyns, densre 1o **?»’c": wall, or olher ceuvses “his wall = B
et antd ba rade woter ti-hi, mal raised 1 i, to .r~Vﬁnu ovcr-topving
Serloe Tleads:, A mttrana vall chould e hunilt on the covn-s»ream
ptee 5t serik s e eeternay oreal § ri. tnr to wit*ia I fi. of the
TIr ~nd extandiic~ ~onn siresm 0. & 8loy2 of 3 iaches per foob of
hats*t. IWis wall stLid ba 5 £t. wive snd of coscrete cosstruction
FOCLL: xepea 126 e ledge roex and bozded to ihie maso ry wall

by m2aae2 of stonl rod.. Tha section of tlc coscrate retalning well
for the racet sy :;? 21 ¢ &Rhaljzed, usi 3 Lhe maaznuransnts zivon

ahove. 4“hig 7911 i9 proon™ lf of safe design 12 tho water isn the
raecevay is pot allownd to riso hlzher thaz 33 elevation of T {t.
helow the top of the wall. -rovision should b2 reda for ample overes

flow at the control gazstes to regulate this lovel. The raisinr of th

A8
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wipg well 1 ft. , @s suggested shove, wos vith the 1des of prevest
ing floodlaz of the raceway during hign water. The roceway shoml«
be unvstered and an examinatlon made to determi o whether thers 1.
free rassage under the wall for aay wator thet =ay vercolete down
behind it from the raceway., This coadition hes evld@ntlv obtaine:
in the past, dut asny graiunal or sudden cloz~isz uz of these onulc
Tor segpage water would undoubtedly prove disastrous.

fecomucndatiors.- In order %o put the structnre ia saf-
condition to withatead the flood conditions e3 set forthk above and
to protect the lives and 1roprertr irp the valley bYelow, as well
«g saard agalast any interruption in thue opnrnt'on o’ 2 water row«
davnlopmant connacted with the cam, th= 10110v ing recommendintions
are nade:

1 - Jepnir damage in mesoary corner vrere rorth end of
dnn yroper loips ola masoary

£ - Coastruct buttress wall or dowc-streem clde of wing
weall. :

3 ~,xaise vingz well 1 ft. snd stop lesksgs br weter-
rroofins up-stresm fage..

4 - Ltop 1e ks in coccrete rotzining well and exemige
trh2 footiags anéd proviie weep passages for zo=pzge wator from the
raceway, if 10“ﬂu nEeCeSIery.

& - Heplsce rrosent woodon sluice gates in winz wall and

coatrol zatos in raceway with retal gates for fncflttat!nr for
rarid dre-man operatioa.

6 - Yrovide overflow at bOﬂtIOl zatee in racewaz to
prevent water lavel riziag within 3 ft. o t*a top 2f the retainin
well,

nesrectively =zub-itted

R-178
wrter Zasincer.
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INSPECTION REPORT ‘
POMPTON DAM ON RAMAPO RIVER
DAM #22 ' 1

Upon the request of Mr. William Yurasek, Oakland Borough Engineer,
inspection was made on August 4, 1977 at 1:00 P.M. of the existing

Pompton Lake Dam on Ramapo R;ver in the Borough of Pompton Lakes,
Passaic County.

Present during the inspection were:

Mr. Sidney H. Stone . . « « Administrator, Boro. of Oakland

Mr. William Yurasek, P.E. . . . . . Oakland Boro. Engineer

Mr. Jack Harmen . . . . . . . . . . Administrator, Wayne Township

Mr. Ed Tesch. . . . . . . . . . . . Engineer, Wayne Township

Mr. J. Wiland . . . . « « « « « o N.J. District Water Supply Comm.
Mr. Boutros Habek . . « « + « Dam Section, Bureau of Flood Plain

Management

Observations

It was observed that the existing concrete dam appears to be in a good,
solid condition. 4

The existing dam is founded on a rock bed and buttressed with an existinc
huge natural rock. There is a deep pool downstream of the dam, but it

is formed in the rocks and it does not appear to have any effect on the
safety of the dam foundation.

Mr. Yurasek requested this inspection after his visit to the site on suc!
a day where the flow was high in the river, and the bed was not visible.

He was aware that the above mentioned pool might have some effect on the
dam safety.

On the day when inspection took place, the flow was very low, and the bec
of the stream was very easy to see.

311 people at the meeting agreed that the dam and its foundation appears
to be very solid.- The pool in question is at least 150 feet dowmstream
of the dam and it is formed in natural solid rocks. Also they agreed
that any danger of failure of the dam is not visible. See attached dam
pictures for the record.

- = i
-y Ty v - —ge - w =

upstrea 5.1 (almost one mile U.S. Dam 22) named Hemlock peeT welr,
The weir is in a vexy poor codition and the wall s g the left bank

is falling down (See Pho 2). The 1le de of the weir where a low
flow is supposed to bq;pery obvious~tehe washed out by floods (See
Photos 2,3,4,5). On the-¥ig bank up and dowm eam of the weir there
are few existipg-homes which are affected by this welrs hirty feet down
stre.u 0 e weir there are big stones placed in the bed to & energ

~ Bl Dot Jlo
\J JJ.LW&JFJ NICT RIS U [TY J e
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Recommendations

It is receommended that the Hemlock weir be repaired or replaced by

another adequate structure, however, any failure to this weir might
not affect the downstream Pompton Lake Dam #22.

Boutros Habek
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RECOMMENDED GUIDELINES
FOR SAFETY INSPECTION OF DAMS

CHAPTER 4




CHAPTER 4 - PHASE II INVESTIGATION

4.1. Purpose. The Phase II investigation will be supplementary to Phase
I and should be conducted when the results of the Phase I investigation

indicate the need for additional in-depth studies, investigations or
analyses.

4.2. Scope. The Phase II investigation should include all additional
studies, investigations and analyses necessary to evaluate the safety of
the dam. Included, as required, will be additional visual inspections,
measurements, foundation exploration and testing, materials testing,
hydraulic and hydrologic analysis and structural stability analyses.

4.3. Hydraulic and Hydrologic Analysis. Hydraulic and hydrologic
capabilities should be determined using the following criteria and pro-
cedures. Depending on the project characteristics, either the spillway
design flood peak infl..r or the spillway design flood hydrograph should
be the basis for detevmining the maximum water surface elevation and
maximum outflow. If the operation or failure of upstream water control

projects would have significant impact on peak flow or hydrograph analyses,
the impact should be assessed.

4.3.1. Maximum Water Surface Based on SDF Peak Inflow. When the total
project discharge capability at maximum pool exceeds the peak inflow of
the recommended SDF, and operational constraints would not prevent such
a release at controlled projects, a reservoir routing is not required.
The maximum discharge should be assumed equal to the peak inflow of

the spillway design flood. Flood volume is not controlling in this
situation and surcharge storage is either absent or is significant only

to the extent that it provides the head necessary to develop the release
capability required.

4.3.1.1. Peak for 100-Year Flood. When the 100-year flood is applicable
under the provisions of Table 3 and data are available, the spillway design
flood peak inflow may be determined by use of "A Uniform Technique for
Determining Flood Frequencies,'" Water Resources Council (WRC), Hydrology
Committee, Bulletin 15, December 1967. Flow frequency information from
regional analysis is generally preferred over single station results when
available and appropriate. Rainfall-runoff techniques may be necessary
when there are inadequate runoff data available to make a reasonable
estimate of flow frequency.

4.3.1.2, Peak for PMF or Fraction Thereof. When either the Probable
Maximum Flood peak or a fraction thereof is applicable under the provi-
sions of Table 3, the unit hydrograph - infiltration loss technique is
generally the most expeditious method of computing the spillway design
flood peak for most projects. This technique is discussed in the
following paragraph.
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4.3.2. Maximum Water Surface Based on SDI' Hydrograph. Both peak and
volume are required in this analysis, Where surcharge storage is signifi-
cant, or where there is insufficient discharge capability at maximum pool
to pass the peak inflow of the SDF, considering all possible operational
constraints, a flood hydrograph is required. When there are upstream
hazard areas that would be imperiled by fast rising reservoirs levels, SDF
hydrographs should be routed to ascertain available time for warning

and escape. Determination of probable maximum precipitation or 100-year
precipitation, whichever is applicable, and unit hydrographs or runoff
models will be required, followed by the determination of the PMF or 100-
year flood. Conservative loss rates (significantly reduced by antecedent
rainfall conditions where appropriate)should be estimated for computing
the rainfall excess to be utilized with unit hydrographs. Rainfall values
are usually arranged with gradually ascending and descending rates with
the meximum rate late in the storm. When applicable, conservatively high
snowmelt runoff rates and appropriate releases from upstream projects
should be assumed. The PMP may be obtained from National Weather

Service (NWS) publications such as Hydrometeorological Report (HMR) 33.
Special NWS publications for particular areas should be used when avail-
able. Rainfall for the 100-year frequency flood can be obtained from the
NWS publication "Rainfall Frequency Atlas of the United States,” Technical
Paper No. 40; Atlas 2, “Precipitation Frequency Atlas of Western United
States;" or other NWS publitations. The maximum water surface elevation
and spillway design flood outflow are then determined by routing the inflow
hydrograph through the reservoir surcharge storage, assuming a starting
water surface at the bottom of surcharge storage, or lower when appropriate.
For projects where the bottom of surcharge space is not distinct, or the
flood control storage space (exclusive of surcharge) is ‘appreciable, it
may be appropriate to select starting water surface elevations below the
top of the flood control storage for routings. Conservatively high
starting levels should be estimated on the basis of hydrometeorological
conditions reasonably characteristic for the region and flood release 5
capability of the project. Necessary adjustment of reservoir storage
capacity due to existing or future sediment or other encroachment may be
approximated when accurate determination of deposition is not practicable.

4.3.3. Acceptable Procedures. Techniques for performing hydraulic and
hydrologic analyses are generally available from publications prepared by
Federal agencies involved in water resources development or textbooks
written by the academic community. Some of these procedures are rather
sophisticated and require expensive computational equipment and large data
banks. While results of such procedures are generally more reliable than
simplified methods, their use is generally not warranted in studies con-
nected with this program unless they can be performed quickly and inexpen-
sively. There may be situations where the more complex techniques have

to be employed to obtain reliable results; however, these cases will be
excepticns rather than the rule. Whenever the acceptability of procedures
is in quescion, the advice of competent experts should be sought. Such
expertise is generally available in the Corps of Engineers, Bureau of
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Reclamation and Soil Conservation Service. Many other agencies, educa-
tional facilities and private consultants can also provide expert advice.
Regardless of where such expertise is based, the qualification of those

individuals offering to provide it should be carefully examined and
evaluated.

4.3.4. Freeboard Allowances. Guidelines on specific minimum freeboard
allowances are not considered appropriate because of the many factors
involved in such determinations. The investigator will have to assess
the critical parameters for each project and develop its minimum require-
ment. Many projects are reasonably safe without freeboard allowance
because they are designed for overtopping, or other factors minimize
possible overtopping. Conversely, freeboard allowances of several feet
may be necessary to provide a safe’éondition. Parameters that should be
considered include the duration of high water levels in the reservoir
during the design flood; the effective wind fetch and reservoir depth
available to support wave generation; the probability of high wind speed
occurring from a critical direction; the potential wave runup on the dam

based on roughness and slope; and the ability of the dam to resist
erosion from overtopping waves.

4.4, Stability Investigations. The Phase II stability investigations
should be compatible with the guidelines of this paragraph.

4.4.1. Foundation and Material Investigations. The scope of the foundation
and materials investigation should be limited to obtaining the information
required to analyze the structural stability and to investigate any
suspected condition which would adversely affect the safety of the dam.

Such investigations may include borings to obtain concrete, embankment,

soil foundation, and bedrock samples; testing specimens from these samples
to determine the strength and elastic parameters of the materials, including
the soft seams, joints, fault gouge and expansive clays or other critical
materials in the foundation; determining the character of the bedrock
including joints, bedding planes, fractures, faults, voids and caverns,

and other geological irregularities; and installing instruments for
determining movements, strains, suspected excessive internal seepage
pressures, seepage gradients and uplift forces. Special investigations

may be necessary where suspect rock types such as limestone, gypsum,

salt, basalt, claystone, shales or others are involved in foundations or
abutments in order to determine the extent of cavities, piping or other
deficiencies in the rock foundation. A concrete core drilling program
should be undertaken only when the existence of significant structural
cracks is suspected or the general qualitative condition of the concrete

is in doubt. The tests of materials will be necessary only where such
data are lacking or are outdated.

4.4.2, Stability Assessment. Stability assessments should utilize in
situ properties of the structure and its foundation and pertinent geologic
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information. Geologic information that should be considered includes
groundwater and seepage conditions; lithology, stratigraphy, and geologic
details disclosed by borings, "as-built" records, and geologic interpre-
tation; maximum past overburden at site as deduced from geologic evidence;
bedding, folding and faulting; joints and joint systems; weathering;
slickensides, and field evidence relating to slides, faults, movements
and earthquake activity. Foundations may present problems where they
contain adversely oriented joints, slickensides or fissured material,
faults, seams of soft materials, or weak layers. Such defects and excess
pore water pressures may contribute to instability. Special tests may
be necessary to determine physical properties of particular materials.
The results of stability analyses afford a means of evaluating the
structure's existing resistance to failure and also the effects of any
proposed modifications. Results of stability analyses should be reviewed
for compatibi{ity with performance experience when possible.

4.4,2,1. Seismic Stability. The inertial forces for use in the conven-
tional equivalent static force method of analysis should be obtained by
multiplying the weight by the seismic coefficient and should be applied
as a horizontal force at the center of gravity of the section or element.
The seismic coefficients suggested for use with such analyses are listed
in Figures 1 through 4. Seismic stability investigations for all high
hazard category dams located in Seismic Zone 4 and high hazard dams of
the hydraulic fill type in Zone 3 should include suitable dynamic pro-
cedures and analyses. Dynamic analyses for other dams and higher seismic
coefficients are appropriate if in the judgment of the investigating
engineer they are warranted because of proximity to active faults or
other reasons. Seismic stability investigations should utilize "state-
of-the-art" procedures involving seismological and geological studies to
establish earthquake parameters for use in dynamic stability analyses
and, where appropriate, the dynamic testing of materials. Stability
analyses may be based upon either time-histdry or response spectra tech-
niques. The results of dynamic analyses should be assessed on the basis
of whether or not the dam would have sufficient residual integrity to
retain the reservoir during and after the greatest or most adverse
earthquake which might occur near the project location.

4.4.2.2. (Clay Shale Foundation. Clay shale is a highly overconsolidated
sedimentary rock comprised predominantly of clay minerals, with little

or no cementation. Foundations of clay shales require special measures
in stability investigations. Clay shales, particularly those containing
nontmorillonite, may be highly susceptible to expansion and consequent
loss of strength upon unloading. The shear strength and the resistance
to deformation of clay shales may be quite low and high pore water pres-
sures may develop under increase in load. The presence of slickensides
in clay shales is usually an indication of low shear stength. Prediction
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of field behavior of clay shales should not be based solely on results of
conventional laboratory tests since they may be misleading. The use of
peak shear strengths for clay shales in stability analyses may be uncon-
servative because of nonuniform stress distribution and possible progres-
sive failures. Thus the available shear resistance may be less than if
the peak shear strength were mobilized simultaneously along the entire

failure surface. In such cases, either greater safecy £actors or residual
shear strength should be used. St oo G "

4.4.3, Embankment Dams .

4.46.3.1. Liquefaction. The phenomenon of liquefaction of loose,
saturated sands and silts may occur when such materials are subjected
to shear deformation or earthquake shocks. The possibility of lique-
faction must presently be evaluated on the basis of empirical knowledge
supplemented by special laboratory tests and engineering judgment. The
possibility of liquefaction in sands diminishes as the relative density
increases above approximately 70 percent. Hydraulic fill dams in
Seismic Zones 3 and 4 should receive particular attention since such
dams are susceptible to liquefaction under earthquake shocks.

4.4.3.2. Shear Failure. Shear failure is one in which a portion of an
embankment or of an embankment and foundation moves by sliding or rotating
relative to the remainder of the mass. It is conventionally represented
as occurring along a surface and is so assumed in stability analyses,
although shearing may occur in a zone of substantial thickness. The
circular arc or the sliding wedge method of analyzing stability, as per-
tinent, should be used. The circular arc method is generally applicable
to essentially homogeneous embankments and to soil foundations consisting
of thick deposits of fine-grained soil containing no layers significantly
weaker than other strata in the foundation. The wedge method is generally
applicable to rockfill dams and to earth dams on foundations containing
weak layers. Other methods of analysis such as those employing complex
shear surfaces may be appropriate depending on the soil and rock in the
dam and foundation. Such methods should be in reputable usage in the
engineering profession. v

4,4.3.3. Loading Conditions. The loading conditions for which the embank-
ment structures should be investigated are (I) Sudden drawdown from spill-
way crest elevation or top of gates, (II) Partial pool, (III) Steady

state seepage from spillway crest elevation or top of gate elevation,

and (IV) Earthquake. Cases I and II apply to upstream slopes only;

Case III applies to downstream slopes; and Case IV applies to both up-
stream and downstream slopes. A summary of suggested strengths and

safety factors are shown in Table 4. .
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Case

Loading
Condition

II

III

v

#H

s

Sudden drawdown
from spillway crest
or top of gates to
minimum drawdowm
elevation.

Partial pool with
assumed horizontal
steady seepage
saturation.

Steady seepage

from spillway crest
or top of gates with
Kn/Ky = 9 assumed**

Earthquake (Cases II
and III with seismic
loading)

TABLE 4

FACTORS OF SAFETY £

Factor of Shear #£#
Safety Strength
1,2% Minimum com-
posite of R
and S shear
strengths
See Figure
5.
1,5 R+S for R<L S
2_
S for RD>S
1.5 Same as
Case II
1.0 ok

Remarks

Within the drawdown
zone submerged unit
weights of materials
are used for computing
forces resisting slid-
ing and saturated

unit weights are used
for computing forces
contributing to slid-
ing.

Composite intermediate
envelope of R and S
shear strengths. See
Figure 6.

See Figures 1 through
4 for Seismic Coeffi-
cients.

Not applicable to embankments on clay shale foundation. Experience
has indicated special problems in determination of design shear
strengths for clay shale foundations and acceptable safety factors
should be compatible with the confidence level in shear strength

assumptions.

Other strength assumptions may be used if in common usage in the
engineering profession.

The safety factor should not be less than 1.5 when drawdown rate and
pore water pressure developed from flow nets are used in stability

analyses.

Ky/K, is the ratio of horizontal to vertical permeability. A
minimum of 9 is suggested for use in compacted embankments and

alluvial sediments.
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*%%* Use shear strength for case analyzed without earthquake. It fs not
necessary to analyze sudden drawdown for earthquake loading. Shear
strength tests are classified according to the controlled drainage
conditions maintained during the test, R tests are those in which
specimen drainage is allowed during consolidation (or swelling)
under initial stress conditions, but specimen drainage is not allowed
during application of shearing stresses. s tests sllow full drain-
age during initial stress application and shearing is at a slow rate

8o that complete specimen drainage is permitted during the complete
test.

4.4.3.4, Safety Factors. Safety factors for embankment dam stability
studies should be based on the ratio of available shear strength to
developed shear strength, SD:

Sp=_C_ + g tan$ M
x F.S. ol F.S. g

C = cohesion
$ = angle of internal friction

0 = normal stress

The factors of safety listed in Table 4 are recommended as minimum accept-
able. Final accepted factors of safety should depend upon the degree of
confidence the investigating engineer has in the engineering data avail-
able to him. The consequences of a failure with respect to human life

and property damage are important considerations in establishing factors
of safety for specific investigations. j

4.4.3.5. Seepage Failure. A critical uncontrolled underseepage or
through seepage condition that develops during a rising pool can quickly
reduce a structure which was stable under previous conditions, to a total
structural failure. The visually confirmed seepage conditions to be
avoided are (1) the exit of the phreatic surface on the downstream slope
of the dam and (2) development of hydrostatic heads sufficient to create
in the area downstream of the dam sand boils that erode materials by the
phenomenon known as "piping” and (3) localized concentrations of seepage
along conduits or through pervious zones. The dams most susceptible to
seepage problems are those built of or on pervious materials of uniform
fine particle size, with no provisions for an internal drainage zone
and/or no underseepage controls.
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4.4.3.6. Seepage Analyses. Review and modifications to original
seepage design analyses should consider conditions observed in the
field inspection and piezometer instrumentation. A seepage analysis
should consider the permeability ratios resulting from natural deposi-
tion and from compaction placement of materials with appropriate
variation between horizontal and vertical permeability. An under-
seepage analysis of the embankment should provide a critical gradient
factor of safety for the maximum head condition of not less than 1.5
in the area downstream of the embankment.

F.S = 1./i = B/D, = Dy (Ym-Ye) (2
/D, Yy

ic = (Critical gradient

i = .Design gradient
H = Uplift head at downstream toe of dam measured above
tailvater

He = The critical uplift

Dy, = The thickness of the top impervious blanket at the
downstream toe of the dam

Yo = The estimated saturated unit weight of the material in the
top impervious blanket ;

Yw = The unit weight of water

Where a factor of safety less than 1.5 is obtained the pfovision of an
underseepage control system is indicated. The factor of safety of 1.5

is a recommended minimum and may be adjusted by the responsible engineer

based on the competence of the engineering data.

4.4.4., Concrete Dams and Appurtenant Structures.

4.4.4,1. Requirements for Stability. Concrete dams and structures
appurtenant to embankment dams should be capable of resisting over-

turning, sliding and overstressing with adequate factors of safety for
normal and maximum loading conditions.
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4.4.4.2. loads. Loadings to be considered in stability analyses include
the water load on the upstream face of the dam; the weight of the struc-
ture, internal hydrostatic pressures (uplift) within the body of the
dam, at the base of the dam and within the foundation; earth and silt
loads; ice pressure, seismic and thermal loads, and other loads as
applicable. Where tailwater or backwater exists on the downstream side
of the structure it should be considered, and assumed uplift pressures
should be compatible with drainage provisions and uplift measurements if
available. Where applicable, ice pressure should be applied to the
contact surface of the structure at normal pool elevation. A unit pres-
sure of not more than 5,000 pounds per square foot should be used. ;
Normally, ice thickness should not be assumed greater than two feet.
Earthquake forces should consist of the inertial forces due to the
horizontal accelération of the dam itself and hydrodynamic forces
resulting from the reaction of the reservoir water against the structure.
Dynamic water pressures for use in conventional methods of analysis may
be computed by means of the "Westergaard Formula" using the parabolic
approximation (H.M. Westergaard, '"Water Pressures on Dams During Earth-
quakes," Trans., ASCE, Vol 98, 1933, pages 418-433), or similar method.

4.4.4,3, Stresses. The analysis of concrete stresses should be based on
in situ properties of the concrete and foundation. Computed maximum com-
pressive stresses for normal operating conditions in the order of 1/3

or less of in situ strengths should be satisfactory. Tensile stresses

in unreinforced concrete should be acceptable only in locations where
cracks will not adversely affect the overall performance and stability
of the structure. Foundation stresses should be such as to provide
adequate safety against failure of the foundation material under all
loading conditions.

4.4.4.4, Overturning. A gravity structure should be capable of resisting
all overturning forces. It can be considered safe against overturning

if the resultant of all combinations of horizontal and vertical forces,
excluding earthquake forces, acting above any horizontal plane through

the structure or at its base is located within the middle third of the
section. When earthquake is included the resultant should fall within

the limits of the plane or base, and foundation pressures must be accept-
able. When these requirements for location of the resultant are not

- satisfied the investigating engineer should assess the importance to

stability of the deviations.

4,4.4,5. Sliding. Sliding of concrete gravity structures and of abutment
and foundation rock masses for all types of concrete dams should be evaluated.
by the shear-friction resistance concept. The available sliding resis-

tance is compared with the driving force which tends to induce sliding

to arrive at a sliding stability safety factor. The investigation should

be made along all potential sliding paths. The critical path is that

plane or combination of planes which offers the least resistance.
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4.4.4.5.

1.

Sliding Resistance. Sliding resistance is a function of

the unit shearing strength at no normal load (cohesion) and the angle
of friction on a potential failure surface. It is determined by
computing the maximum horizontal driving force which could be resisted
along the sliding path under investigation. The following general
formula is obtained from the principles of statics and may be

derived by resolving forces parallel and perpendicular to the sliding

plane:

Rp

where

Ry

[

cA 3)

Vtan (B+en) + cosck(l - tan § tanok ) :

S1iding Resistance (maximum horizontal driving force which can
be resisted by the critical path)

Angle of internal friction of foundation material or, where
applicable, angle of sliding friction

Summation of vertical forces (including uplift)

Unit shearing strength at zero normal loading along potential
failure plane i

Area of potential failure plane developing unit shear strength
" c“

Angle between inclined plane and horizontal (positive for uphill
sliding) :

For sliding downhill the angle ©¢ is negative and Equation (1) becomes:

Rg

cA %) 3

V tan (6 -) +cos“ (1 + tan $ tancx )

When the plane of investigation is horizental, and the angle ox¢ is zero
and Equation (1) reduced to the following:

Rp

b

V tan # + cA (5)
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4.4.4.5.2, Downstream Resistance. When the base of a concrete structure
is embedded in rock or the potential failure plane lies below the base,
the passive resistance of the downstream layer of rock may somatimes be
utilized for sliding resistance. Rock that may be subjected to high
velocity water scouring should not be used. The magnitude of the
downstream resistance is the lesser of (a) the shearing resistance

along the continuation of the potential sliding plane until it daylights
or (b) the resistance avajlable from the downstream rock wedge along an
inclined plane. The theoretical resistance offered by the passive wedge
can be computed by a formula equivalent to formula (3):

o
(]

cA
= Wtan (8 +X) + 0 (T —tan § tanc< ) e

Pp = bassive resistance of rock wedge

W = weight (buoyant weight if applicable) of downstream rock wedge
above inclined plane of resistance, plus any superimposed loads

$ = angle of internal friction or, if applicable, angle of sliding
friction

CA = angle between inclined failure Qlane and horizontal

¢ = unit shearing strength at zero normal load along failure
plane

A = area of inclined plane of resistance

When considering cross-bed shear through a relatively shallow, competent
rock strut, without adverse jointing or faulting, W and o< may be taken
at zero and 45°, respectively, and an estimate of passive wedge resis-
tance per unit width obtained by the following equation:

Pp = 2¢D : (7)
wnere
D = Thickness of the rock strut

4.4.4.5.3, Safety Factor. The shear-friction safety factor is obtained
by dividing the resistance RR by H, the summation of horizoncal service
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loads to be applied to the structure:

Ss-f = Ry ®
e

When the downstream passive wedge contributes to the sliding resistance,
the shear fruction safety factor formula becomes:

Ss-g = Rgt+ Py | (9)
H

The above direct superimposition of passive wedge resistance is valid
only if shearing rigidities of the foundation components are similar.
Also, the compressive strength and buckling resistance of the downstream
rock layer must be sufficient to develop the wedge resistance. For
example, a foundation with closely spaced, near horizontal, relatively
weak seams might not contain sufficient buckling strength to develop

the magnitude of wedge resistance computed from the cross-bed shear
strength. In this case wedge resistance should not be assumed without
resorting to special treatment (such as installing foundation anchors).
Computed sliding safety factors approximating 3 or more for all loading
conditions without earthquake, and 1.5 including earthquake, should
indicate satisfactory stability, depending upon the reliability of the
strength parameters used in the analyses. In some cases when the results
of comprehensive foundation studies are available, smaller safety factors
may be acceptable. The selection of shear strength parameters should

be fully substantiated. The bases for any assumptions; the results of
applicable testing, studies and investigations; and all pre-existing,
pertinent data should be reported and evaluated.
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